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,Q WKLVSDSHUDQDWWHPSWKDVEHHQPDGHZLWKH[SHULPHQWDO DVZHOO DV WKHRUHWLFDO DQDO\VLV WR ILQG WKHYDULDWLRQ LQKHDW WUDQVIHU
FRHIILFLHQW ZLWK 5H\QROGV QXPEHU DQG QXPHULFDO VLPXODWLRQ DWWHPSW KDV DOVR EHHQ GRQH ZLWK GLIIHUHQW WXUEXOHQFHPRGHOV LQ
IRUFHG FRQYHFWLRQ WXUEXOHQW IORZV ([SHULPHQWDO DQDO\VLV ZDV FDUULHG RXW E\ XVLQJ IRUFHG FRQYHFWLRQ H[SHULPHQWDO VHWXS DW
FRQVWDQW SRZHU VXSSO\ WR WKH KHDWHU DQG E\ YDU\LQJ WKH GLIIHUHQW IORZ UDWHV RI DLU ZLWK WKH KHOS RI D EORZHU 7KH WXEH KHDW
H[FKDQJHULVIXOO\LQVXODWHG,QWXUEXOHQWIORZV WKHKHDWWUDQVIHUFRHIILFLHQWLVJUHDWO\DIIHFWHGE\WKHWXUEXOHQFHKHQFHLQWKLV
SDSHUQXPHULFDODQDO\VLVZDVFDUULHGRXWZLWKGLIIHUHQWWXUEXOHQFHPRGHOVDQGDQDO\VLVKDVEHHQGRQHZLWKERWKH[SHULPHQWDODQG
WKHRUHWLFDOYDOXHVWRILQGWKHEHVWWXUEXOHQFHPRGHO
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7KHSURFHVVRIKHDWWUDQVIHUZLWKWKHIORZLQJIOXLGFRQWDFWZLWKWKHVXUIDFHLVFDOOHGFRQYHFWLYHKHDWWUDQVIHU$QG
LWLVJUHDWO\DIIHFWHGE\WKHWXUEXOHQFHDQGERXQGDU\OD\HUWKLFNQHVV7KHKHDWWUDQVIHUUDWHLVPRUHLQWXUEXOHQWIORZV
DVFRPSDUHGZLWKODPLQDUIORZVEHFDXVHRILWVPRUHPL[LQJUDWH>@KHQFHIRUFHGFRQYHFWLRQKHDWWUDQVIHULVWKHRQH


&RUUHVSRQGLQJDXWKRU
(PDLODGGUHVVREXODUHGG\EHF#JLWDPLQ
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICCHMT – 2015
712   Obula Reddy Kummitha and K.M Pandey /  Procedia Engineering  127 ( 2015 )  711 – 718 
RI WKH UHJXODUDQGPRVWO\XVHGDSSOLFDWLRQ LQ LQGXVWULHVEHFDXVHRI LWVPRUHKHDW WUDQVIHU UDWHDVFRPSDUHG WR WKH
QDWXUDOFRQYHFWLRQ
,Q IOXLG IORZV WKH FRQYHFWLYH KHDW WUDQVIHU FRHIILFLHQW LV JUHDWO\ LQIOXHQFHG E\ IOXLG IORZ UDWH IOXLG GHQVLW\
VSHFLILF KHDW RI IOXLG FRQGXFWLYLW\ RI IOXLG DQG WKH PRVW LPSRUWDQW IDFWRU LV IOXLG IORZ JHRPHWU\ EHFDXVH WKH
JHRPHWU\JUHDWO\FDXVHVIRUWXUEXOHQFHFKDQJHVLQZDOOERXQGHGIORZV>@
,Q WKH DQDO\VLV RI DQ\ QXPHULFDO VLPXODWLRQ RI IOXLG IORZ DQG KHDW WUDQVIHU WKH SUHVVXUH ILHOG GLVWULEXWLRQ RI
YHORFLW\ WHPSHUDWXUH YDULDWLRQ DQG WKH WXUEXOHQFH ILHOG DUH WKH PDLQ SDUDPHWHUV RI WKHUPDO DQG K\GUDXOLF
FKDUDFWHULVWLFV RI IOXLG IORZ WR LQYHVWLJDWH DOO WKHVH ILHOGV LQ IOXLG IORZ FRPPHUFLDO &)' VRIWZDUH $16<6
)/8(1770VRIWZDUHZDVXVHG
([SHULPHQWDOVHWXSDQGIRUFHGFRQYHFWLRQKHDWWUDQVIHUFDOFXODWLRQV
7R HYDOXDWH WKH H[SHULPHQWDO KHDW WUDQVIHU FRHIILFLHQW IRU WXUEXOHQW IORZ IRUFHG FRQYHFWLRQ KHDW WUDQVIHU WKH
IRUFHG FRQYHFWLRQ H[SHULPHQWDO VHWXS DYDLODEOH LQ WKH ODERUDWRU\ ZDV XVHG 7KH VHWXS FRQVLVWV RI EORZHU
WKHUPRFRXSOHV SRZHU VXSSO\ WR WKH KHDWHU LQ WHVW VHFWLRQ RI SLSH DQG DLU IORZ UDWH PHDVXUHPHQW GHYLFH 7KH
H[SHULPHQWZDVFRQGXFWHGZLWKYDULDEOHIORZUDWHRIDLUDWFRQVWDQWSRZHUVXSSO\WRWKHKHDWHU7KHWKHUPRFRXSOH
UHDGLQJVDQGYHORFLW\RIDLUIORZKDYHEHHQWDNHQDWVWHDG\VWDWHDQGWKHKHDWWUDQVIHUFRHIILFLHQWZDVFDOFXODWHGERWK
WKHRUHWLFDOO\DQGH[SHULPHQWDOO\'LWWXV%RHOWHUH[SOLFLWIXQFWLRQZDVXVHGIRUWKHRUHWLFDOFDOFXODWLRQRIKHDWWUDQVIHU
FRHIILFLHQW 7KH WHVW VHFWLRQ RI WKH SLSH LV IXOO\ LQVXODWHG KHQFH ODZ RI FRQVHUYDWLRQ RI HQHUJ\ ZDV XVHG IRU
FDOFXODWLRQRIH[SHULPHQWDOKHDWWUDQVIHUFRHIILFLHQW7KHFRQVHUYDWLRQRIHQHUJ\LVH[SUHVVHGDVJLYHQEHORZ
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IORZ7KHJHRPHWU\RIWKHSUREOHPLVFRQVLGHUHGDVWHVWVHFWLRQRUKHDWLQJ]RQHSDUWRISLSHIURPWKHH[SHULPHQWDO
VHWXSDVVKRZQEHORZ

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
)LJD([SHULPHQWDOVHWXSE&RPSXWDWLRQDO'RPDLQ
)RU WKH DERYH FRPSXWDWLRQDO GRPDLQ WKH VLPXODWLRQV ZHUH FDUULHG E\ XVLQJ YDULRXV WXUEXOHQFH PRGHOV ,Q
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WXUEXOHQW DQDO\VLV RI ZDOO ERXQGHG IORZV WKH WXUEXOHQW SDUDPHWHUV DUH JUHDWO\ DIIHFWHG E\ ZDOO IXQFWLRQV >@
%HFDXVHRI LWVPRUH LPSRUWDQFH LQ WXUEXOHQFH WKHNHSVLORQ WXUEXOHQFHPRGHOKDVEHHQFRQVLGHUHGZLWKGLIIHUHQW
W\SHVRIZDOOIXQFWLRQVOLNHVWDQGDUGZDOOIXQFWLRQV6:)QRQHTXLOLEULXPZDOOIXQFWLRQV1(:)DQGHQKDQFHG
ZDOO WUHDWPHQW(:7>@)RUWKHGLIIHUHQW5H\QROGVQXPEHUWKHVLPXODWLRQVZHUHFDUULHGRXWZLWKDOO WKHVHZDOO
IXQFWLRQV7KHPHFKDQLVPRIKHDWWUDQVIHULQERWKODPLQDUDQGWXUEXOHQWIORZVLVVRPHZKDWVLPLODUWKHRQO\PDMRU
GLIIHUHQFHLQWXUEXOHQWIORZVLVWKDWWKH5H\QROGVVWUHVVDQGHGG\SURSHUWLHVRIIOXLGIORZGXHWRWKHVHSDUDPHWHUV
WKHPL[LQJUDWHRIIOXLGLVJUHDWHULQWXUEXOHQWIORZVWKDQODPLQDUIORZV>@
1XPHULFDOPHWKRGPRGHOLQJ
,QWKHQXPHULFDODQDO\VLVRIFRPSXWDWLRQDOGRPDLQDLULVWKHLQWHUQDOIORZLQJIOXLGKHQFHWKHJHQHUDOJRYHUQLQJ
HTXDWLRQV KDV EHHQ FRQVLGHUHG IRU FRQVHUYDWLRQ RI WKH SURSHUWLHV LQ FRPSUHVVLEOH IOXLG IORZ WKURXJK WKH
FRPSXWDWLRQDOGRPDLQ>@7KHIROORZLQJDUHWKH5H\QROGVDYHUDJHG1DYLHU6WRNHV5$16JRYHUQLQJHTXDWLRQV
LQGHIHUHQWLDOIRUPIRUFRPSUHVVLEOHIOXLGIORZDQGKHDWWUDQVIHU
0DVVFRQVHUYDWLRQHTXDWLRQ
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,QWXUEXOHQWIORZVWKHIORZLVJUHDWO\GRPLQDWHGE\WKHVKDSHRIREMHFWDQGGLPHQVLRQODUJHVFDOHE\WKHPRWLRQ
DQGHYDOXDWLRQRIVPDOOVFDOHVVPDOOHGGLHV>@7KHRQHRIWKHPRVWVLJQLILFDQWIHDWXUHRIWXUEXOHQFHLVWKDWLW
QHHGVWREHFRQVLGHUHGLQQXPHULFDOVLPXODWLRQLV LWVWXUEXOHQFHHIIHFWRQWKHWUDQVSRUWRIPRPHQWXPPDVVDQG
HQHUJ\ KHQFH LQ DOO WXUEXOHQW IORZV WKH UDWH RI PL[LQJ DQG GLIIXVLRQ DUH JUHDWHU WKDQ WKH GLIIXVLRQ RFFXUV E\
PROHFXOHVDORQH>@
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6LPXODWLRQVHWXSDQGQXPHULFDOGLVFUHWL]DWLRQ
7KH JHRPHWU\ RI WKH SLSH DV VKRZQ LQ )LJ  LV WKH FRPSXWDWLRQDO GRPDLQ FUHDWHG E\ XVLQJ SUHSURFHVVLQJ
VRIWZDUH *$0%,7 )RU PHVK JHQHUDWLRQ RI WKLV ' FRPSXWDWLRQDO GRPDLQ 4XDGWUL HOHPHQWV ZHUH XVHG
1XPHULFDODQDO\VLVZDVFDUULHGRXWIRUGLIIHUHQWLQOHWYHORFLWLHVUDQJLQJIURPPVWRPVVLPLODUWRWKRVHYDOXHV
XVHGLQH[SHULPHQWV,QWKHH[SHULPHQWDOVHWXSWKHRXWOHWRIWKHGXFWZDVVLPSOHH[SRVHGWRDWPRVSKHUHKHQFHWKH
RXWOHWERXQGDU\FRQGLWLRQZDVVHW WRSUHVVXUHRXWOHWFRQGLWLRQ$QG WKH IORZRIDLU LVFRQVLGHUHGDVFRPSUHVVLEOH
IORZKHQFHGHQVLW\EDVHGVROYHUZDVXVHGLQWKLVDQDO\VLV%HFDXVHFRPSUHVVLEOHIOXLGIORZWKHLPSOLFLWIRUPXODWLRQ
ZDVXVHGWRVROYHWKHVWHDG\VWDWHSUREOHPZLWKJUHHQJDXVVFHOOEDVHGJUDGLHQWRSWLRQ
7KHJRYHUQLQJHTXDWLRQVZHUHVROYHGXVLQJWKH5RHIOX[GLIIHUHQFLQJVFKHPHZLWKVHFRQGRUGHUGLVFUHWL]DWLRQWR
REWDLQVROXWLRQIRUWKHHTXDWLRQVRI0RPHQWXP7XUEXOHQFH.LQHWLF(QHUJ\DQG7XUEXOHQFH'LVVLSDWLRQ5DWH7KH
HTXDWLRQVWXUEXOHQFHPRGHOVZHUHDQDO\]HGZLWKYDULRXVZDOOWUHDWPHQWFRQVLGHUDWLRQV7KHVHQXPHULFDOVLPXODWLRQV
ZHUHFDUULHGRXWXVLQJ$16<6)/8(17DFRPPHUFLDO&)'SDFNDJHZLWKGGRXEOHSUHFLVLRQFRQILJXUDWLRQ
5HVXOWVDQGGLVFXVVLRQ
,Q WKLV VWXG\ ERWK H[SHULPHQWDO DQG WKHRUHWLFDO DQDO\VHV ZHUH FDUULHG RXW WR LQYHVWLJDWH WKH WKH KHDW WUDQVIHU
FKDUDFWHULVWLFVLQIRUFHGFRQYHFWLRQWXUEXOHQWIORZVDQGWKHUHVXOWVKDYHEHHQSORWWHGDVVKRZQEHORZ)LJ)URP
WKH JUDSKV DV VKRZQ EHORZ )LJ  LW LV REVHUYHG WKDW WKH KHDW WUDQVIHU FRHIILFLHQW LQFUHDVHV ZLWK LQFUHDVH LQ
5H\QROGV QXPEHU EHFDXVH DV WKH5H\QROGV QXPEHU LQFUHDVHV WKH UDWH RIPL[LQJRI IOXLG SDUWLFOH LQFUHDVHV DQG LW
JLYHV EHWWHU KHDW WUDQVIHU UDWH0RUHRYHU ERXQGDU\ OD\HU WKLFNQHVV GHFUHDVHVZLWK LQFUHDVH LQ5H\QROGV QXPEHU
)URP WKH UHODWLRQEHWZHHQ IULFWLRQ IDFWRU DQG5H\QROGVQXPEHU DQG WKHJUDSK VKRZQEHORZ )LJ E LW FDQEH
FRQFOXGHGWKDWWKHIULFWLRQIDFWRUZDVGHFUHDVLQJZLWKLQFUHDVLQJLQ5H\QROGVQXPEHU

D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E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)LJD5HYV+HDWWUDQVIHUFRHIILFLHQWE5HYVIULFWLRQIDFWRU

)RUWKLVVDPHVHWXSJHRPHWU\RIWHVWSLSHVLPXODWLRQVZHUHSHUIRUPHGZLWKYDULRXVWXUEXOHQFHPRGHOVDQGZLWK
GLIIHUHQWZDOOWUHDWPHQWRSWLRQVWRLQYHVWLJDWHWKHHIIHFWRI5H\QROGVQXPEHURQWXUEXOHQFHLQWHQVLW\KHDWWUDQVIHU
FRHIILFLHQW IULFWLRQ IDFWRU WXUEXOHQW YLVFRVLW\ DQG VKHDU VWUHVV 7KH YDULDWLRQ RI WXUEXOHQFH LQWHQVLW\ ZLWK IORZ
YHORFLW\LVVKRZQLQ)LJ
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)LJ&RQWRXUVWXUEXOHQWLQWHQVLW\DWYDULRXV5H\QROGVQXPEHUD5H\QROGVQXPEHU E5H\QROGVQXPEHU 
F5H\QROGVQXPEHU G5H\QROGVQXPEHU 

)URP )LJ LW LV FOHDU WKDW ZLWK LQFUHDVLQJ 5H\QROGV QXPEHU WKH WXUEXOHQW LQWHQVLW\ DOVR LQFUHDVHV GXH WR
LQFUHDVHLQIOXFWXDWLRQYHORFLW\LQWXUEXOHQWIORZV7KHYDULDWLRQRIWXUEXOHQWYLVFRVLW\LVGHSLFWHGLQ)LJ

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)LJ&RQWRXUVWXUEXOHQWYLVFRVLW\DWYDULRXV5H\QROGVQXPEHU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D5H\QROGVQXPEHU E5H\QROGVQXPEHU 
F5H\QROGVQXPEHU G5H\QROGVQXPEHU 

7KH WXUEXOHQW YLVFRVLW\ ZDV LQFUHDVHV )LJ ZLWK LQFUHDVLQJ 5H\QROGV QXPEHU KHQFH WKH VKHDU VWUHVV DOVR
LQFUHDVHV7KHYDULRXV WXUEXOHQFHPRGHOVZHUH LQYHVWLJDWHGDW WKHVDPHERXQGDU\FRQGLWLRQV WR LGHQWLI\ WKHEHWWHU
WXUEXOHQFHPRGHO
D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E 
)LJ5H\QROGVQXPEHUYHUVXVGLIIHUHQWWXUEXOHQFHPRGHOV
D5HYVWXUEXOHQWLQWHQVLW\E5HYVWXUEXOHQWYLVFRVLW\

)URP WKHVLPXODWLRQUHVXOWV )LJZLWKYDULRXV WXUEXOHQFHZDOO IXQFWLRQV LW LV IRXQG WKDWERWK VWDQGDUGDQG
5HDOL]DEOHNHSVLORQJLYHVWKHEHWWHUDSSUR[LPDWLRQVLQWXUEXOHQWNLQHWLFHQHUJ\DQGWXUEXOHQWYLVFRVLW\DVFRPSDUHG
WRWKHRWKHUZDOOIXQFWLRQVEHFDXVHRILWVPRUHDFFXUDWHDQGHDV\WRFRQYHUJHQFHRIVROXWLRQDQGWKHEHWWHUHYROXWLRQ
LQWUDQVLWLRQRIYLVFRXVHQHUJ\DQGNLQHWLFHQHUJ\LQWRKHDWHQHUJ\

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
)LJ5H\QROGVQXPEHUYHUVXVWXUEXOHQFHSDUDPHWHUVZLWKGLIIHUHQWZDOOIXQFWLRQV
D5HYV7XUEXOHQW,QWHQVLW\E5HYV7XUEXOHQW9LVFRVLW\UDWLRF5HYV7XUEXOHQW.LQHWLF(QHUJ\
&RQFOXVLRQ
,Q WKH SUHVHQW ZRUN ERWK H[SHULPHQWDO DQG WKHRUHWLFDO DQDO\VLV KDV EHHQ GRQH WR LQYHVWLJDWH WKH WKHUPR
K\GURG\QDPLFFKDUDFWHULVWLFVLQWXUEXOHQWIRUFHGFRQYHFWLRQIORZV,WLVIRXQGWKDWKHDWWUDQVIHUFRHIILFLHQWLQFUHDVHV
ZLWKLQFUHDVHLQ5H\QROGVQXPEHU0RUHRYHUIULFWLRQIDFWRUGHFUHDVHVZLWKLQFUHDVHLQ5H\QROGVQXPEHU)RUWKH
VDPH VHWXS QXPHULFDO DQDO\VLV ZDV SHUIRUPHG ZLWK YDULRXV WXUEXOHQFH PRGHOV DQG WKH UHVXOW RI WXUEXOHQFH
SDUDPHWHUV KDYH EHHQ H[SODLQHG LQ UHVXOWV $V WKH 5H\QROGV QXPEHU LQFUHDVHV WKH IOXFWXDWLRQ YHORFLW\ LQFUHDVHV
OHDGLQJWRLQFUHDVHLQ WXUEXOHQW LQWHQVLW\DQGWXUEXOHQWNLQHWLFHQHUJ\ZKLFKLQ WXUQLQFUHDVHVYLVFRXVGLVVLSDWLRQ
7KH YDULDWLRQ RI WKHVH WHUPVZLWK GLIIHUHQW5H\QROGV QXPEHU DQGZLWK GLIIHUHQWZDOO WUHDWPHQW RSWLRQV KDV EHHQ
DQDO\]HGDQGKDVEHHQSORWWHGIRUJHWWLQJWKHJUDSKV)URPVLPXODWLRQUHVXOWVLWLVIRXQGWKDWDOOWXUEXOHQFHPRGHOV
ZLWKGLIIHUHQWZDOOWUHDWPHQWRSWLRQVJLYHDOPRVWVDPHUHVXOWVH[FHSWVWDQGDUGDQG5HDOL]DEOHNHSVLORQWXUEXOHQFH
PRGHOZLWK(QKDQFHGZDOO WUHDWPHQWRSWLRQ7KHVHPRGHOVJLYHEHWWHU UHVXOWV7KHPHWKRGRORJ\SUHVHQWHG LQ WKLV
SDSHUPD\ EH XWLOL]HG WR VWXG\ WKH FKDUDFWHULVWLFV RI WXUEXOHQW IRUFHG FRQYHFWLRQ IORZVRI UHDO OLIH SUREOHPV OLNH
H[KDXVWIORZV\VWHPV6LOHQFHURUPXIIOHUGHVLJQLQLQWHUQDOFRPEXVWLRQHQJLQHVUHKHDWHULQWKHUPDOSRZHUSODQWV
DQGRWKHULQGXVWULDODSSOLFDWLRQV
$FNQRZOHGJHPHQWV
7KHDXWKRUZLVKHVWRDFNQRZOHGJHWKHGHSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ*LWDP8QLYHUVLW\+\GHUDEDGIRU
SURYLGLQJ WKH $16<6 &)' VRIWZDUH )RUFHG &RQYHFWLRQ H[SHULPHQWDO VHWXS DQG VXSSRUW IRU WKLV VWXG\ RI
UHVHDUFK
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